It has recently been found that there were very few hypertensives in the inhabitants of one Nepalese village, even though their salt consumption, per capita, was as high as citizens in many western countries. To evaluate the genetic factors involved in this phenomenon, we studied whether they had a special genotype distribution of angiotensinconverting enzyme (ACE) gene I/D polymorphism, which was recently reported to be involved in salt sensitivity.
Introduction
There is a linear relation across the population between the average salt intake and blood pressure (BP) and high BP. [1] [2] [3] In addition, within-population analyses have shown a positive association between 24-h urinary sodium excretion and systolic BP (SBP) and between the sodium/potassium ratio and SBP. 4, 5 Recently, we found that the BP in inhabitants of Kotyang, Nepal, did not rise with age and the prevalence of hypertension in this population was extremely low (1.4%), although they consumed at least as much salt as citizens of many western countries. 6 We speculated that a lower body mass index (BMI) and adiposity, dietary sugar and higher physical activity might be responsible for this markedly lower prevalence of hypertension in this population. 6 Since BP responses to high salt intake varies among individuals, patients with essential hypertension can be divided into two subgroups, saltsensitive hypertension and non-salt-sensitive 7 and salt-resistant hypertension. 8 This concept has been extended to normotensive individuals as well. 9 Furthermore, a possible involvement of a genetic factor has been reported in this salt sensitivity 10 and recent studies suggest that insertion/deletion (I/D) polymorphism in intron 16 of the angiotensin-converting Correspondence: Dr S Umemura, Second Department of Internal Medicine, Yokohama City University, 3-9 Fukuura, Kanazawaku, Yokohama, 236 Japan ing 11 g salt/day, which confirmed the previous results. The distribution of genotypes and alleles of ACE gene I/D polymorphism was similar to that in the Japanese and Chinese, who had five-times more hypertensives while consuming almost as much salt as Nepalese, but significantly different from those in Caucasians.
The present study reports, for the first time, the genotype distribution of ACE gene I/D polymorphism in Nepalese subjects. Furthermore, the results suggest ACE gene polymorphism may not be involved in the 'salt-resistance' in this population.
enzyme (ACE) gene may be one of the candidate genes involved in this salt sensitivity.
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To find the possible genetic background of this 'salt-resistance' in the inhabitants of Nepal, we studied whether they had a special genotype distribution of this ACE gene polymorphism.
Subjects and methods

Subjects
One hundred and thirty-seven inhabitants of Kotyang village in Nepal were studied. They were all over 20 years old. Subjects were excluded whose first or second degree relatives were enrolled for this study. Kotyang is an isolated rural village about 30 km from Kathmandu. The population was approximately 1400 in 1996, the majority being Tamang. Most are engaged in agriculture.
Study subjects were given a physical examination by well-trained Nepalese physicians which included a complete history. We excluded subjects who had an active infection, liver, kidney or endocrine disease and those who were hypertensive associated with pregnancy.
Methods
Measurement of BP and heart rate: The subjects sat quietly for at least 5 min before BP measurement. BP and heart rate were measured three times consecu-tively on the left arm in the sitting position using an automated BP measuring device (OMRON HEM 714C, Tateishi Electronic Co, Kyoto, Japan) prior to blood sampling. The room temperature at the time of the BP measurement was between 25°C and 29°C. The average of three consecutive measurements for SBP, diastolic BP (DBP) and heart rate were calculated and used for the analyses.
Estimation of 24-h urinary Na and K excretion:
The subjects usually voided in the morning after arising. The next voided urine was collected into a paper cup as 'the second morning voiding urine specimen (SMV)'. Approximately 10 ml of each SMV was stored in a plastic tube and frozen at −20°C until the determinations of Na, K and creatinine (Cr) concentrations were performed in Japan.
The 24-h urinary Na and K excretions were estimated from the equations using Na/Cr and K/Cr ratios for SMV and the predicted value of the 24-h urinary Cr excretion. The method of prediction of 24-h urinary Cr excretion and the estimation of 24-h urinary Na (ENaV) and K excretions (EKV) are reported in detail elsewhere.
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Biochemical analysis: Approximately 16 ml of blood was drawn from the median vein of subjects in the supine position and separated into two tubes. One was a plain tube and the other contained Na 2 EDTA. The blood specimen was centrifuged and serum, plasma and the white blood cells were separated and frozen in liquid nitrogen. Chemical determinations were performed in Japan. Frozen SMV and serum and plasma specimens were transported to Japan in dry ice.
Concentrations of Na and K in SMV and plasma were determined by flame photometry (Hitachi 775: Hitachi Co, Ltd, Hitachi, Japan) and Cr in SMV by the picric acid method (Olympus AU-5000: Olympus Optical Co, Tokyo, Japan).
Polymerase chain reaction (PCR) of ACE gene polymorphism:
Genomic DNA was isolated from peripheral leukocytes using a Nucleon Extraction Kit (Scotlab Ltd, Coatbridge, UK). The ACE genotype was determined by the PCR technique according to the method of Rigat et al 14 with minor modifications. 15 PCR products were analysed by 1.6% agarose gel electrophoresis and visualised with ethidium bromide staining for allele identification. A 490 bp fragment (in the presence of the insertion allele) and a 190 bp fragment (in the absence of the insertion allele) were identified. We confirmed the accuracy of the genotyping results in the DD homozygotes by using an insertion specific primer, which proved to be the most reliable PCR strategy to maximise precise genotyping.
Statistics
Values are expressed as mean ± s.e. The distribution of genotypes and alleles were compared with the 2 test. Differences between the means of normotensives and hypertensives were evaluated by MannWhitney U test, and those of three genotype groups were evaluated by ANOVA. For the multiple regression analysis, SBP was used as a dependent variable and the genotype effect was assumed to be additive with scores of 0, 1, and 2 assigned for genotype I/I, I/D and D/D, respectively. A value of P Ͻ 0.05 was considered statistically siginificant.
Results
The general characteristics of all subjects, normotensives and hypertensives in this study population are shown in Table 1 . In only three subjects (2.2%), DBP was more than 95 mm Hg, which was consistent with our previous results. 6 If we used new WHO criteria of hypertension (SBP 140 and/or DBP 90 mm Hg), the number of hypertensives was nine (6.5%), which was also similar to the previous results.
6 Table 2 shows the genotype distribution and derived allele frequencies in the normotensives and hypertensives. There were no significant differences in genotype distribution between the normotensives and hypertensives and there were also no significant differences in allele frequency between both groups.
The genotype and allele frequencies of ACE I/D polymorphisms in the Nepalese subjects are shown in Table 3 . The frequencies of each genotype were compatible with the Hardy-Weinberg equilibrium distribution in this population.
Characteristics of all subjects in each ACE I/D genotype subgroup are shown in Table 4 . No differences were detected between groups in age, SBP, BMI, ENa V, EKV, plasma Na (PNa) and plasma K (PK), although DBP tended to be increased in DD genotype groups. Multiple regression analysis showed that the SBP was independently associated with age and BMI but not with other factors, such as sex, ACE I/D polymorphism, ENa V and EKV (Table 5) .
Discussion
The present study demonstrated that inhabitants of Kotyang, Nepal, had a similar distribution of the genotypes and alleles of ACE gene I/D polymorphisms as reported in Japanese 
=0.427).
16 Since the prevalence of hypertensives in Japan and in China are five-times greater than the inhabitants of Kotyang, Nepal, with similar amounts of salt consumption, the results suggest that the ACE gene polymorphism cannot explain the 'salt-resistance' in this study population, who have a markedly low prevalence of hypertension, while they consume at least as much salt as citizens in many western countries.
In the previous study, 6 we found no significant increase in high SBP and DBP with age in men and very few hypertensives living in Kotyang, Nepal, despite an average salt consumption of 11 g/day, which was confirmed in this study. These findings are different from previous epidemiological reports Abbreviations used are same as in Table 1 . One-way ANOVA was used to assess various penotypic values. relating BP to salt intake. [1] [2] [3] [4] [5] Although the actual reason for this difference was not clear, we speculated that lower body mass and higher physical activity might be responsible for the extremely lower prevalence of hypertension in this population. 6 Additionally in this study, we have studied the genetic involvement of this phenomenon.
Recently, I/D polymorphism of the ACE gene has been reported to be associated with many cardio-vascular diseases such as myocardial infarction, coronary sclerosis, dilated and hypertrophic cardiomyopathy, carotid artery sclerosis and IgA nephropathy. 21 Although only one study, 18 but not others 15, 16, 19 including this study, reported the association between this polymorphism and patients with essential hypertension, recent reports 11 suggested that this polymorphism may be associated with salt sensitivity. They found increased II genotype in salt-sensitive hypertension. The Nepalese population in this study appears saltresistant because of the very low occurrence of hypertension while consuming at least as much salt as citizens of many western countries.
1-3 Thus, we studied whether this polymorphism was involved in the 'salt-resistance' in the Nepalese population. The results suggested that the distribution of ACE gene polymorphism was almost the same as in Japanese and Chinese people, but different from those in Caucasians, such as reported by Rigat et al 14 =46.62, P Ͻ 0.001). The Japanese consume as much as 12 g per day, which is the average salt intake in the present population in Nepal, while the occurrence of hypertension is greater than 30% in those over 20 years old in Japanese and Caucasian subjects, 22 which is in contrast to the 6.5% of hypertensives in Nepal. These results suggested the different salt sensitivity between these two groups. If the ACE gene polymorphism contributes to the salt sensitivity, the II genotype should be decreased in the Nepalese, which is different from the present results. These results suggest that the ACE gene polymorphism may not be involved in the 'salt-resistance' in this population and the hypothesis that ACE gene polymorphism related to salt sensitivity may need further evaluation.
Furthermore we have compared the characteristics of all subjects in each ACE genotype subgroup (Table 4) . Among these three genotype groups, we could not find any differences in age, BMI, ENa V and EKV, PNa and PK, although SBP and DBP tended to be increased in DD genotype groups. Since the differences of BP among the three genotypes were very small and the association study between hypertensives and normotensives was negative in this population, we need larger numbers of the population to confirm this result.
In this Nepalese population, BP linked with individual physical activity estimated using VO 2 max. 6 Furthermore, we found percentage body fat measured by the skinfold caliper, but not BMI, might also be one of the factors affecting BP, which also suggested BMI may not be the reliable index of body fat in very muscular subjects like the Nepalese in this study. Thus in Kotyang, BP may be closely related with physical activity and fat-free mass in addition to the high sodium intake, and that an exceedingly low fat-free mass probably followed by a higher physical activity might serve to mute the influence of a high sodium intake in Kotyang. 6 Interestingly, in the present study multiple logistic regression analysis showed a significant association of SBP with BMI. Although the reason for the discrepant result from the previous report 6 was not known, the differences of age and BP between the subjects in both study groups might be involved. Since the present study was performed about 9 years after the first study, 6 the mean age of the subjects was about 10 years older than those in the previous study and the mean BP was slightly higher (about 5-6 mm Hg). 6 Recently, another candidate gene, ␣-adducin, which may be involved in salt sensitivity, has been reported. 23 Thus, a new gene polymorphism such as ␣-adducin needs to be evaluated in the Nepalese population in the future.
In conclusion, the present study demonstrated that the distribution of the ACE gene polymorphism in the Nepalese population appears similar to those in both the Japanese and Chinese subjects and further suggests that this gene polymorphism is less likely to be involved in the 'salt-resistance' in this population.
